
Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 





(ft) Publication number: 0 619 577 A1 



EUROPEAN PATENT APPLICATION 



@ Application number : 94302462.0 
(g) Date of filing : 07.04.94 



<g) Int. CI. 6 : G11B 11/10 



@) Priority : 08.04.93 JP 81962/93 

© Date of publication of application : 
12.10.94 Bulletin 94/41 

© Designated Contracting States : 
DE FR GB IT NL 

© Applicant : CANON KABUSHIKI KAISHA 
30-2, 3-chome, Shimomaruko, 
Ohta-ku 
Tokyo (JP) 



© Inventor : Nishimura, Naoki, c/o Kabushiki 
Katsha 

30-2, 3-chome Shimomaruko Ohta-ku 
Tokyo (JP) 

© Representative : Beresford, Keith Denis Lewis 
et al 

BERESFORD & Co. 
2-5 Warwick Court 
High Holbom 
London WC1R 5DJ (GB) 



m 

CO 



© Magneto-optical recording medium and method for reproducing information therein. 



© A magneto-optical recording medium in- 
cludes a first magnetic layer and a second 
magnetic layer. The first magnetic layer is a 
horizontal magnetization layer at room tem- 
perature but a perpendicular magnetization 
layer at a raised temperature. A transition tem- 
perature of the first layer continuously or step- 
wise increases from a light incidence side 
thereof light in a film thickness direction. The 
second magnetic layer is a perpendicular mag- 
netization layer both at room temperature and 
at the raised temperature. In reproduction of 
information, an optical beam is applied onto the 
magneto-optical recording medium in which 
information is recorded by directions of mag- 
netization. The information recorded in the sec- 
ond magnetic layer is transferred to the first 
magnetic layer and the information is read by 
the magneto-optical effect 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a magneto-opti- 
cal recording medium for recording or reproducing in- 
formation therein with a laser beam by utilizing the 
magneto-optical effect. More particularly, the present 
invention relates to a magneto-optical recording me- 
dium which can increase the density of information re- 
corded in the medium and a method for reproducing 
information therein. 

Related Background Art 

As a rewritable high-density recording method, 
attention has been directed to a magneto-optical re- 
cording medium in which magnetic domains are writ- 
ten on a magnetic thin layer by thermal energy of a 
semiconductor laser to record information, and from 
which the information is read using the magneto-opt- 
ical effect 

A recent demand is high to increase a recording 
density of the magneto-optical recording medium so 
as to provide a larger storage recording medium. 

A linear recording density of an optical disc such 
as the magneto-optical recording medium is deter- 
mined mainly by an S/N ratio of a reproduction layer, 
which depends considerably on a bit string cycle of 
signal, a laser wavelength of a reproduction optical 
system and a numerical aperture of an objective lens. 

Namely, once a laser wavelength A, of a reproduc- 
tion optical system and a numerical aperture NA of 
objective lens are determined, a bit cycle f as being a 
detection limit is also determined to be X/2NA 

On the other hand, a track density of optical disc 
is restricted mainly by cross talk. The cross talk de- 
pends mainly on a distribution (profile) of laser beam 
on a surface of the medium and is represented by a 
same function of X/2NA as the above-mentioned bit 
cycle is. 

Accordingly, in order to increase the density of in- 
formation to be recorded with a conventional optical 
disc, the laser wavelength of reproduction optical sys- 
tem needs to be shortened and the numerical aper- 
ture NA of objective lens needs to be enlarged. 

However, there are limitations as to an improve- 
ment in the laser wavelength and an improvement in 
the numerical aperture of objective lens. Therefore, 
such techniques have been developed that a struc- 
ture of recording medium or a reading method is im- 
proved so as to increase the recording density. 

For example, Japanese Laid-open Patent Appli- 
cation No. 3-93058 attempted to improve the record- 
ing density by using a medium having a reproduction 
layer and a recording layer. Namely, magnetization in 
the reproduction layer is aligned with one direction 
before reproducing information, and then the informa- 



tion held in the recording layer is transferred to the re- 
production layer so as to decrease inter-symbol inter- 
ference upon reproduction, whereby information with 
a cycle less than the diffraction limit of light can be 
5 reproduced. 

However, Japanese Laid-open Patent Applica- 
tion No. 3-93058 has such a drawback that an ade- 
quate reproduction power cannot be obtained. In 
more detail, each bit in the recording layer is transfer- 
to red to the reproduction layer and reproduced there- 
from in the same size as it is recorded. Since the each 
bit is recorded in the recording layer in the size con- 
siderably smaller than the size of laser spot, the re- 
solving power will be very low with such small bits. 
15 Further, since the magnetization in the reproduc- 

tion layer must be aligned with one direction before ir- 
radiation of laser beam, an initialization magnet for 
the reproduction layer needs to be added to conven- 
tional apparatus. Therefore, the above-mentioned re- 
20 production method has such problems that the mag- 
neto-optical recording apparatus is complicated, the 
cost is high and miniaturization is hardly possible. 



25 



SUMMARY OF THE INVENTION 



The present invention has been accomplished to 
solve the above problems. An object of the present in- 
vention is to provide a magneto-optical recording me- 
dium and a method for reproducing information there- 

30 in, by which sufficient resolving power can be ob- 
tained in reproducing information, by which informa- 
tion with a cycle less than the diffraction limit of light 
can be reproduced, and which enable to reduce the 
size of apparatus. 

35 The above object can be attained by a magneto- 

optical recording medium comprising a first magnetic 
layer which is an in-plane (horizontal) magnetization 
layer at a room temperature but a perpendicular mag- 
netization layer at a raised temperature, and a tran- 

40 sition temperature of which increases continuously or 
stepwise from an incidence side of light in a film thick- 
ness direction, and a second magnetic layer which is 
a perpendicular magnetization layer. 

Further, the above object can also be achieved by 

45 a method for reproducing information in a magneto- 
optical recording medium comprising a first magnetic 
layer which is a horizontal magnetization layer at 
room temperature but a perpendicular magnetization 
layer at a raised temperature, and a transition temper- 

so ature of which continuously or stepwise increases 
from an incidence side of light in a film thickness di- 
rection, and a second magnetic layer which is a per- 
pendicular magnetization layer, wherein the informa- 
tion recorded in the second recording layer is trans- 

55 ferred to the first magnetic layer, whereby the infor- 
mation is read by the magneto-optical effect 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A and 1B are drawings to show the sche- 
matic principle of reproduction of a magneto-opt- 
ical recording medium of the present invention; 
Fig. 2 is a drawing to show the details of a method 
for reproducing information in the magneto-opti- 
cal recording medium; 

Figs. 3A and 3B are drawings to show the details 
of a method for reproducing information in the 
magneto-optical recording medium; 
Figs. 4A, 4B and 4C are drawings to show a rela- 
tion among saturation magnetization, perpendic- 
ular magnetization anisotropy and temperature 
of each layer in case of a first magnetic layer 
comprising a reproduction layer and two inter- 
mediate layers; 

Fig. 5 is a drawing to show C/N ratios of magneto- 
optical recording media of the present invention; 
Figs. 6A and 6B are schematic drawings to show 
a film structure of the present invention; and 
Fig. 7 is a drawing to show a state in which infor- 
mation is recorded in a magneto-optical record- 
ing medium of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Magneto-optical recording media and a method 
for reproducing information therein according to the 
present invention will be described below in detail 
with reference to the accompanying drawings. 

A magneto-optical recording medium of the pres- 
ent invention comprises at least a first magnetic layer 
composed of layered films, which is a horizontal mag- 
netization layer at room temperature but a perpendic- 
ular magnetization layer at a raised temperature, and 
a transition temperature (a temperature at which the 
horizontal magnetization layer changes into the per- 
pendicular magnetization layer) of which increases 
continuously or stepwise from an incidence side of 
light in a film thickness direction, and a second mag- 
netic layer which is a perpendicular magnetization 
layer both at room temperature and at the raised tem- 
perature. 

Structure and Composition of the Medium 

The first magnetic layer is desirably made for ex- 
ample of a rare earth-iron group amorphous alloy 
such as GdCo, GdFeCo, GdTbFeCo, GdDyFeCo or 
NdGdFeCo. Preferably, a material for the first mag- 
netic layer has weak magnetic anisotropy and a com- 
pensation temperature existing between the room 
temperature and a Curie temperature of the material. 

The second magnetic layer is desirably made for 
example of a material having strong perpendicular 
magnetic anisotropy to maintain a magnetization 
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state stably. For example, a rare earth-iron group 
amorphous alloy such as TbFeCo, DyFeCo or TbDy- 
FeCo, garnet platinum group-iron group periodic 
films such as Pt/Co or Pd/Co, or a platinum group- 
5 iron group alloy such as PtCo or PdCo is desired. 

Further, in order to improve the corrosion resis- 
tance, an element such as Cr, Al, Ti, Pt or Nb may be 
added to the magnetic layers. 

Further, in order to enhance the interference ef- 
10 feet, a dielectric layer made of SiNx, AINx, AlOx, TaOx 
or SiOx may be formed adjacent to either of the above 
magnetic layers. 

Furthermore, in order to improve the thermal con- 
ductivity, a layer of Al, AITa, AITi, AlCr or Cu may be 
15 formed. 

Yet furthermore, an intermediate layer to control 
an exchange coupling force or a magneto-static cou- 
pling force, or an assisting layer for recording assist 
or reproduction assist may be provided. In addition, a 
20 dielectric layer as described above or a protective 
coat of a polymer resin may be added as a protective 
layer. 

Next described are a method for recording infor- 
mation in a magneto-optical recording medium of the 

25 present invention and a method for reproducing the 
information recorded. 

(In the following description, described is a case 
where the first magnetic layer is composed of three 
films having respective transition temperatures dif- 

30 ferentfrom one another (referred to as a reproduction 
layer, an intermediate layer 1 and an intermediate lay- 
er 2 from the incident side of light) and the second 
magnetic layer (referred to as a recording layer) is 
laminated directly on the first magnetic layer.) 

35 As shown in Fig. 7, information is first recorded 

in the recording layer in the magneto-optical record- 
ing medium of the present invention. Recording is 
conducted by irradiating a laser beam with power 
which can raise the temperature of the recording layer 

40 at least up to a Curie temperature thereof and modu- 
lating an external magnetic field, or, by once erasing 
all information and thereafter modulating laser power 
while applying a magnetic field in a recording direc- 
tion to a recording area. Instead, the recording may be 

45 conducted by modulating the laser power while apply- 
ing an external magnetic field to a recording area. In 
the recording, if an intensity of laser beam is so de- 
termined that only a selected region within a laser 
spot comes to have the temperature near the Curie 

so point of the recording layer, taking the linear velocity 
of the recording medium into consideration, magnetic 
recording domains smaller than the laser spot diam- 
eter can be formed. As a result, information can be re- 
corded with a cycle less than the diffraction limit of 
55 light. 

The medium is irradiated with a reproduction las- 
er beam in reproducing information. With irradiation 
an irradiated spot increases its temperature. Since 

3 
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the medium moves at a constant speed, a tempera- 
ture distribution on the medium has a shape extended 
in the moving direction of medium, in which only a por- 
tion within the laser spot becomes high in tempera- 
ture, as shown in Fig. 2. 

Incidentally, it is known about a single layer of 
magnetic thin film that the main direction of magneti- 
zation is determined by an effective perpendicular 
magnetic anisotropy constant K_L which is defined by 
the following formula: 

K_L = Ku - 2ttM s 2 
where M s is a saturation magnetization and Ku is a 
perpendicular magnetic anisotropy constant. If Kl is 
positive, the layer is a perpendicular magnetization 
layer. On the other hand, if it is negative, the layer is 
a horizontal magnetization layer. 

Here, 2rcM s 2 is demagnetizing energy. If the lay- 
ers are formed in the relations among the tempera- 
ture, the saturation magnetization M s , and the per- 
pendicular magnetic anisotropy constant Ku as 
shown in Figs. 4A, 4B, 4C, 

Ku < 2nM s 2 and then K_L < 0, 
at room temperature (RT). Thus, the layers each are 
kept as a horizontal magnetization layer at RT. On the 
other hand, the temperature is raised during repro- 
duction, and M s of each magnetic layer in the first 
magnetic layer becomes smaller. As a result, 2tcM s 2 
becomes rapidly smaller, whereby the above relation 
to the perpendicular magnetic anisotropy constant Ku 
becomes inverted. Namely, 

Ku > 2ttM s 2 and then Kl > 0 
at the raised temperature. Then, the layers each can 
be changed into a perpendicular magnetization layer 
as the temperature increases. 

Namely, if the saturation magnetization M s and 
the perpendicular magnetic anisotropy constant Ku of 
each of the reproduction layer, the intermediate layer 
1 and the intermediate layer 2 are so set, taking an in- 
tensity and a linear velocity of laser beam during re- 
production into consideration, that each of the repro- 
duction layer, the intermediate layer 1 and the inter- 
mediate layer 2 becomes perpendicularly magne- 
tized in accordance with the temperature distribution 
within the laser spot as shown in Fig. 2, only a portion 
of each layer is perpendicularly magnetized in a de- 
sired temperature region within the laser spot, while 
other portions remain as a horizontal magnetization 
layer. Further, when the reproduction layer, the inter- 
mediate layer 1 and the intermediate layer 2 are per- 
pendicularly magnetized, they are magnetically cou- 
pled with adjacent layers by exchange coupling. As a 
result, the magnetization in the reproduction layer, 
the intermediate layer 1 or the intermediate layer 2 is 
stably aligned with the magnetization direction based 
on information-in an adjacent layer. In other words, 
the information recorded in the recording layer is 
transferred to the reproduction layer. Then, the infor- 
mation thus transferred is converted into an optical 



signal by the magneto-optical effect of the reproduc- 
tion layer (more particularly, by the magneto-optical 
effect of the laser beam reflected on the reproduction 
layer) and the thus converted signal is detected. In 

5 this case, there is no magneto-optical effect appear- 
ing in the horizontal magnetization portions in the re- 
production layer within the laser spot. 

In case a perpendicular magnetization layer is 
laminated directly or via an intermediate layer on the 

10 first magnetic layer, a temperature region for perpen- 
dicular magnetization is shifted to a lower tempera- 
ture side as compared with a non-laminated case. 
This is because Ku becomes apparently increased by 
the exchange coupling force from the magneto-static 

15 coupling force of the perpendicular magnetization lay- 
er. However, if the perpendicular magnetization tem- 
perature region of the single layer before laminated is 
set to be slightly higher, it is possible to establish such 
a condition that the first layer is a horizontal magne- 

20 tization layer at room temperature but a perpendicular 
magnetization layer at a raised temperature, after the 
perpendicular magnetization layer is laminated on the 
first layer. 

Here, the reproduction layer, the intermediate 
25 layer 1 and the intermediate layer 2 in the first mag- 
netic layer have mutually different transition temper- 
atures at each of which each layer changes from a 
horizontal magnetization layer to a perpendicular 
magnetization layer (i.e., magnetization direction 
30 transition temperatures) and the magnetization direc- 
tion transition temperatures are set to increase in the 
order of the reproduction layer, the intermediate layer 

1 and the intermediate layer 2 (the intermediate layer 

2 has the highest transition temperature). Herein- 
35 after, the transition temperatures of the reproduction 

layer, intermediate layer 1 and intermediate layer 2 
are represented by T R , T, and T 2 , respectively, and 
the medium temperature is represented by T. 

As set as described above, a part of each of re- 

40 production layer, the intermediate layer 1 and the in- 
termediate layer 2 becomes perpendicularly magne- 
tized within the laser spot during reproduction (Fig. 2), 
and the perpendicular magnetization portions therein 
become larger in the order of the intermediate layer 

45 2, the intermediate layer 1 and the reproduction layer. 

In more detail, a portion (the temperature T^T 2 
region) of magnetization in the intermediate layer 2 
adjacent to the recording layer becomes perpendicu- 
larly magnetized during reproduction to be exchange- 

50 coupled with the recording layer, and the magnetiza- 
tion of that portion becomes aligned with a stable di- 
rection relative to the magnetization direction based 
on information recorded in the recording layer. At the 
same time, a portion of magnetization in the inter- 

55 mediate layer 1 (the temperature T^T 1 region that is 
wider than the temperature T^T 2 region) also be- 
comes perpendicularly magnetized to be exchange- 
coupled with the intermediate layer 2, and the mag- 
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netization of that portion is aligned with a stable direc- 
tion relative to the magnetization direction in the per- 
pendicular magnetization portion of the intermediate 
layer 1 . Furthermore, a portion of the reproduction 
layer (the temperature T^T R region that is wider than 
the temperature T^T 2 region) becomes simultane- 
ously perpendicularly magnetized to be exchange- 
coupled with the intermediate layer 1, and the mag- 
. netization of that portion is aligned with a stable direc- 
tion relative to the magnetization direction in the per- 
pendicular magnetization portion of the intermediate 
layer 1 . As a result, a bit in the recording layer is trans- 
ferred to the reproduction layer in an enlarged scale. 

As described above, a micro bit formed in the re- 
cording layer is transferred in an enlarged scale to the 
reproduction layer which contributes most to the C/N 
ratio in reproduction. Accordingly, the C/N ratio is re- 
markably improved as compared with the convention- 
al magnetic super resolution. 

Further, the method for reproducing information 
according to the present invention, can permit repro- 
duction of a bit without being affected by adjacent bits 
in the track direction and in the radial direction, 
whereby both the linear recording density and the 
track density can be improved to realize a great im- 
provement in the recording density. 

The above description concerned a case where 
the first magnetic layer was composed of three layers 
(reproduction layer and two intermediate layers) hav- 
ing different transition temperatures from each other. 
In another case, the first magnetic layer may be com- 
posed of a reproduction layer having a certain transi- 
tion temperature and an intermediate layer laminated 
thereon the transition temperature of which is contin- 
uously changed (Figs. 3A and 3B). Or, the first mag- 
netic layer may be composed of a single composition- 
graded layer the composition of which is continuously 
changed (Figs. 1Aand 1B). 

Further, the above description showed a case 
where the magnetic layers were magnetically coupled 
with each other by the exchange interaction. In a mod- 
ification, the layers may be magnetically coupled with 
each other by the magneto-static coupling. 

Furthermore, in order to make the transfer clear- 
er, an intermediate layer different in Curie tempera- 
ture may be formed between the magnetic layers. 

The present invention will be described in more 
detail referring to experimental examples, but it 
should be understood that the present invention is not 
limited to the specific examples, but involves all em- 
bodiments constructed without departing from the 
scope of the invention. 

Example 1 

Targets of Si, Tb, Gd, Fe and Co were set in a di- 
rect current (DC) magnetron sputtering system and a 
polycarbonate substrate 1 was fixed in a substrate 
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holder. Then, the chamber was evacuated to high va- 
cuum of at most 1x10-5 Pa by means of cryopump. 

While evacuating to vacuum, Ar gas was intro- 
duced into the chamber up to 0.3 Pa. Then, a SiN lay- 
5 er 2 (dielectric layer) as an interference layer 2 was 
formed in thickness of 700 A; a GdFeCo layer 3 as a 
reproduction layer 3 was then formed in thickness of 
400 A; a GdFeCo layer 4 as a first intermediate layer 
4 was next formed in thickness of 50 A; a GdFeCo lay- 
to er 5 as a second intermediate layer 5 was formed in 
thickness of 50 A; a TbFeCo layer 6 as a recording 
layer 6 was formed in thickness of 300 A; and a SilSI 
layer 7 (dielectric layer) as a protective layer 7 was f k 
nally formed in thickness of 700 A in the named order 
15 to obtain a magneto-optical recording medium of a 
layered film structure (as shown in Fig. 6A). 

During the formation of the SiN layers, N 2 gas 
was introduced in addition to Ar gas and the film for- 
mation was conducted by DC reactive sputtering. The 
20 GdFeCo layer and the TbFeCo layer were formed by 
applying DC power to each target of Gd, Fe, Co and 
Tb. 

The composition of the GdFeCo reproduction lay- 
er was so set that the compensation temperature was 
25 1 50 °C and the Curie temperature was at least 350 
°C. 

The composition of the first GdFeCo intermedi- 
ate layer was so set that the compensation tempera- 
ture was 220 °C and the Curie temperature was at 

30 least 350 °C. 

The composition of the second GdFeCo inter- 
mediate layer was so set that the compensation tem- 
perature was 280 °C and the Curie temperature was 
at least 350 °C. 

35 The composition of the TbFeCo recording layer 

was so set that the layer was TM-rich at room temper- 
ature and that the Curie temperature was 200 °C. 

Then, recording and reproduction characteristics 
were measured using the magneto-optical recording 

40 medium thus obtained. 

The measuring apparatus had NA of objective 
lens and a laser wavelength being 0.55 and 780 nm, 
respectively. Recording power was from 8 to 10 mW, 
and linear velocity was 9 m/s (rotational speed: 2400 

45 rpm, radius: 36 mm). A carrier signal of from 5.8 to 1 8 
MHz was written in the recording layer by the magnet- 
ic modulation method to evaluate recording frequen- 
cy dependency of the C/N ratio. Applied field was 
±150 Oe. 

50 Reproduction power was so set that the C/N ratio 

became maximum. 

The results thus obtained are shown in Fig. 5. 

Example 2 

55 

Thin layers were formed on a polycarbonate sub- 
strate 1 by the same film-forming machine and meth- 
od as in Example 1 to obtain a magneto-optical re- 

5 
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cording medium, which was evaluated under the 
same conditions as in Example 1. 

A SiN layer 2 (dielectric layer) as an interference 
layer 2 was formed in thickness of 820 A; a GdFeCo 
layer 3 as a reproduction layer 3 was formed in thick- 5 
ness of 400 A; a GdFeCo layer 4 as a composition- 
graded intermediate layer 4 was formed in thickness 
of 100 A; a TbFeCo layer 5 as a recording layer 5 was 
formed in thickness of 400 A; and a SiN layer 6 (di- 
electric layer) as a protective layer 6 was formed in 10 
thickness of 700 A in the named order to obtain a mag- 
neto-optical recording medium of a laminated film 
structure (as shown in Fig. 6B). 

The composition of the GdFeCo reproduction lay- 
er was so set that the compensation temperature was 15 
280 °C and the Curie temperature was at least 350 
°C. 

The composition of the GdFeCo composition- 
graded intermediate layer was so set that the com- 
pensation temperature and the Curie temperature 20 
were 170 °C and at least 350 °C, respectively, on the 
side adjacent to the reproduction layer and the com- 
pensation temperature and the Curie temperature 
were 290 °C and at least 350 °C, respectively, on the 
side adjacent to the recording layer, and that the com- 25 
pensatton temperature was continuously changed in 
the film thickness direction. 

The composition of the TbFeCo recording layer 
was so set that the layer was TM-rich at room temper- 
ature, and the Curie temperature was 200 °C. 30 

The results thus obtained are shown in Fig. 5. 

Comparative Example 

Thin layers were formed on a polycarbonate sub- 35 
strate by the same film-forming machine and method 
as in Example 1 to obtain a magneto-optical recording 
medium, which was evaluated under the same condi- 
tions as in Example 1 . 

A SiN layer as an interference layer was formed 40 
in thickness of 850 A; a GdFeCo layer as a reproduc- 
tion layer was formed in thickness of 400 A; a TbFeCo 
layer as a recording layer was formed in thickness of 
400 A; and a SiN layer as a protective layer was 
formed in th ickness of 700 A in the named order to ob- 45 
tain a magneto-optical recording medium of a layered 
film structure. The composition of the GdFeCo repro- 
duction layer was so set that the compensation tem- 
perature was 280 °C and the Curie temperature was 
at least 350 °C. The composition of the TbFeCo re- so 
cording layer was so set that the layer was TM-rich at 
room temperature, and the Curie temperature was 
200 °C. 

The results thus obtained are shown in Fig. 5. 

Using the magneto-optical recording medium and 55 
the method for reproducing information recorded in 
the medium according to the present invention, mag- 
netic domains smaller than a beam spot diameter can 



be reproduced as enlarged by means of a simple ap- 
paratus without an initialization magnet (conventional 
apparatus), which enables to achieve high-density 
recording further improved in the linear recording 
density and the track density so as to improve the 
C/N ratio. 



Claims 

1- A magneto-optical recording medium comprising: 
a first magnetic layer which is a horizontal 
magnetization layer at a room temperature but a 
perpendicular magnetization layer at a raised 
temperature, and a transition temperature of 
which continuously or stepwise increases from 
an incidence side of light in a film thickness direc- 
tion; and 

a second magnetic layer which is a per- 
pendicular magnetization layer both at the room 
temperature and at the raised temperature. 

2. A magneto-optical recording medium according 
to Claim 1, wherein said first magnetic layer and 
said second magnetic layer each are made of a 
rare earth-transition metal amorphous alloy. 

3. An information reproduction method for repro- 
ducing information by irradiating an optical beam 
onto a magneto-optical recording medium, com- 
prising steps of: 

irradiating an optical beam onto a magne- 
to-optical recording medium which comprises a 
first magnetic layer which is a horizontal magne- 
tization layer at a room temperature but a perpen- 
dicular magnetization layer at a raised tempera- 
ture, and a transition temperature of which con- 
tinuously or stepwise increases from an inci- 
dence side of light in a film thickness direction, 
and a second magnetic layer which is a perpen- 
dicular magnetization layer both at the room tem- 
perature and at the raised temperature, and in 
which information is recorded by directions of 
magnetization, transferring the information re- 
corded in said second magnetic layer to said first 
magnetic layer, and reading said information by 
the magneto-optical effect. 

4. A magneto-optical recording medium comprising: 

a first magnetic layer which has a prefer- 
red direction of magnetization in the plane of the 
layer at a first temperature, and a preferred direc- 
tion of magnetization perpendicular to the layer 
above a transition temperature greater than the 
first temperature, wherein the transition temper- 
ature varies in the direction of the thickness of the 
layer; and 

a second magnetic layer which has a pre- 
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ferred direction of magnetization perpendicular to 
the layer at least between said first temperature 
and the highest of said transition temperatures. 



5. A magneto-optical recording medium wherein s 
said first magnetic layer comprises a plurality of 
laminated sub-layers each having a different 
transition temperature. 



6. A magneto-optical recording and/or reproducing io 
method comprising: 

directing a beam of radiation onto a mag- 
neto-optical recording medium comprising: 

a first magnetic layer which has a prefer- 
red direction of magnetization in the plane of the 1 5 
layer at a first temperature, and a preferred direc- 
tion of magnetization perpendicular to the layer 
above a transition temperature greater than the 
first temperature, wherein the transition temper- 
ature varies in the direction of the thickness of the ?o 
layer; and 

a second magnetic layer which has a pre- 
ferred direction of magnetization perpendicular to 
the layer at least between said first temperature 
and the highest of said transition temperatures, ?$ 
said beam being incident on the surface of the 
first magnetic layer having the lowest transition 
temperature. 



7. A magneto-optical recording and/or reproducing 30 
apparatus for performing the method of claim 6. 



35 
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FIG. 1A 
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